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A television monitor displaying this information is located near the beam controls.
The pepper-pot scenes, complete with beam data, can be stored on video tape for later analysis. Means are alsc provided for generating a three-dimensional plot of the pepper-pot scene on an x-y plotter. Time dependence of the beam emittance is obtained by placing an image intensifier ahead of the television tamer a.
Pepper-Pot and Quartz Plate
The particular pepper-pot plate used with the television and video equipment is a 3~'x3~"xl/' oxygenfree copper plate with defining apertures 0.005" in diameter and 0.005" deep, arranged in a square pattern with holes 5 mm apart.
A photograph of this pepper-pot plate, installed in the beam line, is shown in Fig. 1 . hole is drilled through the quartz near One corner dnd a light is inserted in this hole to illuminate the grid lines.
The edges of the quartz have a reflecting coating.
The ruled lines provide a direct measure of distances on the quartz plate independent of optical and electronic distortions. The pattern of the ruleJ lines can be seen in Fig. 4 . The view is through the port used for the TV camera and via a 45" front surface mirror.
Only the central part is visible in Fig. 1 , but Fig. 2 , which is a photograph of the jig used for the drilling, shows the full extent of the hole pattern. Fig. 3 shows the cross section of the holes, which taper down to the 0.005" diameter aperture.
Water-cooling is provided,
The quartz plate has heavy ruled lines 5 mm apart to correspond to the hole spacing in the copper plate. In addition, there are fine lines to give 0.5 mm subdivisions on the quartz plate. The luminescent pattern is formed on the ruled side of the quartz plate. A * Work performed under the auspices of the U. S.
Atomic Energy Commission. The pepper-pot plate is two meters from the exit aperture of the column and the front face of the quartz plate is 34 cm from the defining apertures in the copper pepper-pot plate.
A displacement of 0.5 mm on the quartz plate, the distance corresponding to one fineline division, thus represents an angular displacement of 1.5 mrad.
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The sync stripper separates the sync and video components of the camera output and sends the video signals to the video analyzer.
The analyzer, by a sampled data process, generates an intensity profile along any selected vertical line through the television display.
The original scene, along with the intensity profile at one edge, is then presented on the television monitor.
Should a permanent visual record be desired, this can be obtained by photographing the television monitor, or an x-y plotter can be employed to plot the intensity profile along any selected part of the pepper-pot scene.
A photograph of such a display, shown in Fig. 6 , was taken from the playback of a video tape recording. 
Detailed Discussion of Results
The emittance pattern display of Fig. 6 is for a 50 mA, 750 kV, 100 ps, 60 Hz beam. The display shows that practically all of the satellite velocity groups have been eliminated, only the single desired velocity group remains at every position corresponding to each hole in the pepper pot that is illuminated by the beam. The quadrupole lens in this case has been adjusted while observing the pepper-pot pattern with the TV, so that the beam is almost plane parallel. This is known because the velocity group dots formed by each beamlet fall near the heavy line intersections of the grid on the quartz plate which are spaced the same as the holes in the pepper-pot plate.
The beam is almost circular in this case with a diameter of about 4 cm, as can be seen from the number of holes which are illuminated along the two axes, (The photo does not include the entire display).
The uniformity of the beam can be seen from the analyzer profile plot at the left of the display. The intensity plot shown is for the row of beamlets covered by the tracer line across the middle of the pepper-pot pattern.
In the photo, the line partially missed the last two dots at the bottom, but by moving the scan-line up and down, it could be seen in the dynamic case that these intensities were the same as the rest of the set.
The emi ttance full-width angular spread for the from an individual hole 1 .s 0.8 mrad after correction for hole size.
It can be seen from the profile plot that these spreads are all about the same. For greater accuracy, we examine a blown-up image of individual spots which can be obtained with the optical zoom lens feature of the TV camera. The emittance diagram corresponding to Fig. 6 is thus a simple rectangle with an area of--n cm mrad, No change was noted in the emittance pattern upon increasing the duty factor to 6%, i.e., 500 psec and 120 Hz.
Time Resolution
The fast optical shutter system diagramed in Fig. 7 and provides an optical gain as high as 50x. Obviously, the amount of light passed during a IO 11s window will be severely limited.
However, for a repetition rate of 120 pps, four such samples would be stored on the vidicon photocathode for every two frames.
With the 50x gain, the total light on the vidicon for a 10 ns window will be equivalent to that from a 2000 us pulse.
Conclusion
The pepper-pot and quartz-plate emittance device, combined with television equipment and a video analyzer, is a useful system for ion-source and column-beam diagnostics.
It can be extended to time-dependence studies and can provide extensive permanent records. A wide range of values of several variables can be rapidly swept and quantitatively recorded for detailed analysis of interesting regions in the multidimensional space involved.
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